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Abstract

Purpose This study aimed to investigate the functional and urodynamic outcome of Aquablation in patients with acute
urinary retention (AUR) on catheters.

Methods Men aged 50-70 who failed medical treatment of BPO with AUR failing to wean off urethral catheter were recruited
to undergo Aquablation. Individuals were assessed pre-operatively and at 3 and 6 months after surgery. The primary outcome
was defined by the success rate of weaning off catheter. Secondary outcomes were measured by a change in prostate size,
symptom scores and urodynamic parameters.

Results Twenty patients underwent Aquablation between June 2019 and September 2020. Mean duration of the urethral
catheter in-situ was 5.9 +4.9 weeks and mean prostate size of the cohort pre-operatively was 60.8 +15.8 cc. A second pass
Agqaublation treatment was performed in 14 patients. Five patients failed to wean off the catheter on the first attempt after
surgery, requiring another attempt 1 week later which were all successful. At 3 months after the operation, a significant
reduction in prostate volume was observed (60.8 +15.8 cc vs 24.9+10.3 cc, p<0.001). No change in international index
of erectile function (IIEF) was found (baseline: 16.1 +5.8; 3-month: 14.9 +6.4; p=0.953). Mean bladder outlet obstruction
index was 14.2 +23.0 at 6 months upon urodynamic assessment with 75% of patients had a resolution of detrusor overactiv-
ity. Reduction in prostate length was found to be more significant than a reduction in width and height after Aquablation
(R=0.693, p=0.039).

Conclusion From the early data of a single centre, Aquablation was shown to provide a consistent improvement in symptoms,
uroflowmetry and urodynamic parameters in patient with a urethral catheter. Results from our study suggest that improve-
ment from Aquablation is reproducible in patients with AUR.

Keywords Acute urinary retention - Benign prostatic obstruction - Robotics - Waterjet ablation

Introduction

Lower urinary tract symptoms (LUTS) are common and the
prevalence of LUTS secondary to benign prostatic enlarge-
ment (BPE) increases with age [1]. It was estimated that
10% of men in their seventies and a third in their eighties
would have acute urinary retention (AUR) in the following
5 years [2]. Once men had AUR secondary to BPE, 38.1%
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to 52.0% failed to wean off catheter with medical therapy
alone [3]. Patients failing trial without catheter (TWOC)
conventionally would be treated with transurethral resec-
tion of the prostate (TURP) to relieve the obstruction at the
bladder outlet. However, TURP historically was associated
with a number of complications including retrograde ejacu-
lation (53%—75%) and erectile dysfunction (3.4%-32%) [4].
Aquablation was first reported in 2016 to be a robotically
executed, surgeon-guided, ultrasound-imaging aided water-
jet treatment of BPE [5]. Subsequently the WATER trial and
WATER II trial have demonstrated that Aquablation was
a safe and effective treatment option for patients suffering
from LUTS/BPE [6, 7]. However, the report was scarce in
the literature on Aquablation with respect to patients with
AUR, and previous evidence of TURP on patients with AUR
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demonstrated greater morbidity and mortality in this group
of patients [8]. The current study investigated the outcome
of Aquablation in patients with AUR on catheters, detailing
the functional and urodynamic outcome.

Methods

This was a prospective observational study on consecutive
patients with urinary retention who underwent Aquablation
between June 2019 to September 2020. Men aged between
50 to 70 years old who failed medical treatment of their
benign prostatic obstruction (BPO) with a urethral catheter
in-situ were recruited into the study. The study excluded
individuals who (i) had active urinary tract infection; (ii)
who were on anti-coagulation; (iii) who had bladder pathol-
ogy including bladder stone and bladder cancer; (iv) who
had confirmed neurological pathology that would alter their
detrusor or sphincter function; (v) who had a prior surgi-
cal intervention to the prostate; and (vi) who had prostate
cancer. The study protocol was approved by the local insti-
tutional ethics review board (CREC-2019.043) and was
conducted in accordance with the ethical standards of the
Helsinki Declaration of 1975 and its later versions. Written
informed consent was obtained from all patients for study
enrolment.

Operating surgeons in the trial were experienced surgeons
with more than 500 transurethral resections performed in
the past. Before the commencement of the trial, training
in Aquablation was provided to the surgeons by means of
online training, physical didactic lecture as well as cadaveric
hands-on training. The AquaBeam™ (PROCEPT BioRo-
botics, Redwood Shores, CA, USA) system was used for
the surgical water ablation of the prostate (Supplementary
video). The procedure was carried out using perioperative
antibiotic prophylaxis, according to the local resistance pro-
file. The patient was placed in the dorsal lithotomy posi-
tion. With real-time prostate visualization using a transrectal
ultrasound and cystoscope, the surgeon marked the target
resection contour with the AquaBeam Conformal Plan-
ning Unit. The ablation of tissue was robotically executed
using a high-velocity waterjet to resect adenomatous tissue
while avoiding the verumontanum and ejaculatory ducts.
Treatment length, sweeping angle and depth were adjusted
according to individual prostate morphology. According to
the ultrasonic images of the prostate after Aquablation, a
second treatment pass could be added to ensure adequate
clearance of the obstructing tissue. Bipolar transurethral
cauterization using a loop electrode was performed after
Aquablation for haemostasis. After the procedure, a three-
way Foley catheter was inserted and bladder irrigation was
commenced with traction application. Post-operative man-
agement was per conventional TURP protocol. Bladder
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irrigation and urethral catheter were taken off from patients
in sequence.

All recruited patients were assessed with a urodynamic
study before Aquablation surgery. Patients were followed up
at 3 months and 6 months. Serum prostate-specific antigen
(PSA), prostate size assessment by transrectal ultrasound
and erectile function assessment by International Index of
Erectile Function (IIEF) were assessed pre-operatively and
during post-operative follow-ups. After the patients had suc-
cessfully weaned off their urethral catheter, symptom assess-
ment by the validated Chinese version of the International
Prostate Symptom Score (IPSS) and Overactive Bladder
Symptom Score (OABSS) was done during post-opera-
tive follow-ups. Another set of the urodynamic study was
performed at 6 months for evaluation of detrusor function
and outflow obstruction. Bladder outlet obstruction index
(BOOI) and bladder contractility index (BCI) were defined
according to the suggestion of the International Continence
Society [9]. The primary outcome was the success rate of
weaning off catheter after Aquablation. Several other vari-
ables were measured as secondary outcomes, which included
changes in prostate dimensions and size after Aquablation,
post-operative symptom scores and post-operative urody-
namic parameters.

Statistical analysis was performed using SPSS 26.0 (IBM
Corp., Armonk, NY, USA). Post-operative changes in con-
tinuous variables were compared by t test. Comparison of
more than 2 parameters was performed by 1-way ANOVA
test and linear regression was performed by Pearson corre-
lation test. A p-value of < 0.05 was regarded as significant.

Results

A total of 20 patients underwent Aquablation with Aqua-
Beam™ over the study period (Table 1). All the patients
failed medical treatment of BPO (all patients had alpha
blockers and 2 patients had an additional 5-alpha reductase
inhibitor) and were on urethral catheter before Aquablation
treatment. In the cohort, 65% of the patients had catheter in-
situ for more than 4 weeks before surgery. Before surgery, all
patients failed to initiate meaningful voiding during the uro-
dynamic study. As a result, maximal detrusor pressure (Pdet)
instead of BCI was used to reflect the detrusor function.
The mean prostate size was 60.8 +15.8 cc. Patients with
PSA density > 0.20 ng/ml* opted for further investigation
to rule out prostate cancer after Aquablation. At 3 months,
7 patients remained to have a PSA density > 0.20 ng/ml°.
None of them was found to have prostate cancer in subse-
quent investigations. Two patients were on 5 alpha-reductase
inhibitor because of recurrent haematuria related to their
vascular prostate.
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Table 1 Baseline characteristics of the patients

Characteristics

Mean age (years) +SD 66.4+4.4
Mean BMI (kg/m?) + SD 23.6+2.6
Urinary retention (n) 20 (100%)
Mean duration of Foley catheter (weeks)+SD 59+49
Mean prostate size (cc)+SD 60.8+15.8
Mean PSA (ng/ml)+SD 12.4+7.6
Mean maximal Pdet (cmH20) +SD 84.5+28.2
Presence of detrusor overactivity (n) 4

Mean IIEF + SD 16.1+5.8
Patients on 5SARI (n) 2 (10%)

SD standard deviation, PSA prostatic specific antigen, Pdet detrusor
pressure, /IEF international index of erectile function, 5ARI 5 alpha-
reductase inhibitor

Table 2 laid out the peri-operative details of the current
cohort. While the actual Aquablation time was all less than
10 min, the mean total operation time was 70.3 +15.8 min
because the time for equipment setup, treatment zone plan-
ning and haemostasis were taken into account. A second
pass of Aquablation treatment was performed on 14 patients.

However, not all second passes were executed from the blad-
der neck to the prostate apex. Depending on the individual
prostate ultrasonic image, some of the second passes just
focused on the area with a significant amount of residual
tissue. Two patients required transfusion after surgery in the
early phase of the study. Five patients failed to wean off the
urethral catheter on the first attempt when residual urine
was found to be more than 150 ml, and a second attempt
was arranged 7 days later. The two Clavien-Dindo grade 3
complications referred to two patients requiring cystoscopy
and haemostasis (on post-operative Day 0 and Day 7) after
the index operation, at the same time with transfusion given
during hospital stay. The four Clavien-Dindo grade 2 com-
plications were readmission after surgery due to urinary tract
infection and haematuria, which were managed conserva-
tively without the need for a transfusion.

The post-operative outcomes were listed in Table 3. All
patients have shown a reduction in prostate size when com-
pared with pre-operative data (Pre-op mean: 60.8 +15.8 cc;
Post-op 3-month mean: 24.9 +10.3 cc; p <0.001). Erectile
function as reflected by IIEF was maintained after the sur-
gery and retrograde ejaculation was observed in 25% of the
patients at 3 months. Sustained symptoms improvement
in IPSS and OABSS was observed at 6 months. Similarly,

Table 2 Peri-operative details Peri-operative parameters

Mean total operative time (mins) + SD 70.3+15.8
Mean actual Aquablation time (s) £ SD 356.8+£143.4
Number of passes during Aquablation (r)

1 9

2 11
Patients using median lobe mode during Aquablation (7) 14
Mean Hb level (g/dL) +SD

Pre-operative 13.8+1.1

Post-operative 129+1.7 p=0.013
Need of transfusion (n) 2
Patients successfully weaning off Foley catheter (1)

On st attempt 15

On 2nd attempt 5
Mean total bladder irrigation time (hours) + SD 269+12.5
Mean Foley in-situ duration (days) +SD 49+3.6
Mean RU upon discharge from hospital (ml) + SD 60.0+50.7
Mean pain score upon discharge from hospital + SD 20+1.9
Mean duration of hospital stay (days) + SD 39+2.1
30-day complication (Clavien-Dindo Grade) (1)

Grade 1 0

Grade 2 4

Grade 3 2

Grade 4 0

Grade 5 0

SD standard deviation, Hb haemoglobin
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Table 3 Outcome of

. Parameters Baseline 3 months 6 months p value
aquablation

Mean prostate size (cc) +SD 60.8+15.8 24.9+10.1 249+10.3 <0.001*
Mean PSA (ng/ml) +SD 124+7.6 5.1+29 5.7+3.7 <0.001*
Mean ITEF + SD 16.1+5.8 149464 16.6+7.1 0.953*
Mean IPSS +SD - 58+55 6.9+8.5 0.826
Mean QoL score +SD - 19+1.2 1.7+1.1 0.192
Mean OABSS score+SD - 3.8+2.7 28+19 0.066
Mean Qmax (ml/s)+SD - 202+7.6 17.6+7.3 0.229
Mean RU (ml) +SD - 60.1+25.2 22.3+20.4 <0.001
Retrograde ejaculation (n) 0 5 5 -
Mean PdetQmax (cmH20) +SD — - 41.4+19.0 -
Mean BOOI +SD - - 142+23.0 -
Mean BCI+SD - - 109.0+30.7 -
Presence of detrusor overactivity () 4 - 4 -

SD standard deviation, PSA prostatic specific antigen, /IEF international index of erectile function, /PSS
international prostate symptom score, QoL quality of life, OABSS overactive bladder symptom score, Omax
maximal voiding velocity, RU residual urine, PdetQmax maximal detrusor pressure at maximal voiding
velocity, BOOI bladder outlet obstruction index, BCI bladder contractility index

#p value signifies comparison of 3-month value against pre-operative value

uroflowmetry parameters were satisfactory in both 3-month
and 6-month assessment. Upon urodynamic study assess-
ment, the mean BOOI was 14.2 +23.0 which was less than
20 per definition of unobstructed BOOI [10]. However, 1
patient was found to have BOOI > 40 after the procedure.
Four patients in our series were found to have a hypocontrac-
tile bladder (BCI < 100), and yet all of them were still able
to wean off Foley catheter after Aquablation. Three patients
out of four had a resolution of their detrusor overactivity
after surgery. However, another three patients were found to
have de novo detrusor overactivity after Aquablation at the
6-month urodynamic study. Changes in prostate dimensions
before and after Aquablation were highlighted in Fig. 1,
which showed the reduction in prostate length was more than
width and height on 1-way ANOVA analysis (p =0.0004).
Pearson correlation found the reduction in prostate length
after Aquablation contributed to the final reduction in pros-
tate volume rather than width and height (Length: R=0.693,
p=0.039; Width: R=0.257, p=0.504; Height: R=0.6064,
p=0.0834).

Discussion

Conventional TURP has been the gold standard of surgi-
cal management of benign prostate obstruction, and yet
not without its limitation with respect to prostate size and
peri-operative complications(11). Numerous novel tech-
niques emerge to either achieve similar clinical outcomes
as TURP while reducing side effects such as incontinence
or sexual dysfunction, or to avoid general anaesthesia for
the increasing cohort of elderly. Aqaublation removes
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Fig. 1 Boxplot of the mean change in prostate dimensions before and
after aquablation at 3 months

prostatic parenchymal tissue through a heat-free mecha-
nism of hydrodissection, representing one of the latest
applications of robotic technology in urology and an effort
to minimize treatment side effects [12]. Recent series on
Aquablation involved mostly patients without a catheter
and few were accompanied by urodynamic assessment [6,
13-15]. As patients with AUR represents a specific group
of patients with more comorbidities and poorer functional
outcome [16], our study provided a detailed account of
Aquablation in patients on the catheter with outcomes in
urodynamic parameters.
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In the current cohort, the mean duration of catheter in-situ
time before Aquablation was 5.9 weeks. This is compara-
tively longer than the practice from a survey among French
urologists, which reported the execution of an elective TURP
after a median of 8 days catheterization and 5.7% had imme-
diate surgery [17]. Such time lag between the confirmation
of refractory retention and Aquablation in our series was
partially contributed by the COVID-19 pandemic, during
which elective surgery service in our centre was tremen-
dously reduced for benign surgical conditions. As bacterae-
mia is more common after 3 days of urethral catheterization
due to bacterial colonization [18], this could account for
the relatively longer mean hospital stay in our series when
compared with Gilling et al. (1.4 days) [6] and Whiting et al.
(1.8 days). However, the percentage of Clavien-Dindo Grade
1 to 2 complications was similar (Gilling et al. 50.0%, Whit-
ing et al. 18.2%) [6, 14].

Our current series reflected the initial experience of
Aquablation. Similar to Misrai et al. [15] and Whiting et al.
[14], we all shared episodes of Grade 3 complication in
which patients were required to undergo cystoscopy and
haemostasis after the initial procedure in the early phase of
the learning curve. The difficulty in haemostasis came from
the suboptimal cystoscopic view after Aquablation, as well
as the inaccurate assessment of the extent of the bleeding
area early in the series. A few modifications in our technique
have helped decrease the risk of bleeding in the later phase
of the series: (1) When using the loop electrode for haemo-
stasis and final touch up, we extended the cauterization area
from just the bladder neck to including the prostate bed as
well. Instead of cauterizing the superficial fluffy tissue after
Aquablation, we went deep into the prostate bed to look
for any significant bleeders. (2) The extent of the second
pass of Aquablation was changed from full length (bladder
neck to apex) to focusing only on the region with suspected
significant residual prostate tissue. Both of these manoeu-
vres have prevented further need for a second operation for
haemostasis, as well as the need for transfusion in the rest
of our series.

While the results of the current series came from an early
experience of Aquablation, we could appreciate that the
functional outcomes of Aquablation have been quite con-
sistent across different series in the literature. Whiting et al.
reported the 3-month mean maximal velocity (Qmax) to be
22.3 ml/s in their series of mostly patients without a urethral
catheter. In the WATER 1I trial, the Qmax at 3 months was
about 20 ml/s. We reported our mean Qmax at 3 months to
be 20.2 ml/s. Furthermore, the mean IPSS of our series was
5.8 at 3 months and 6.9 at 6 months, which was comparable
with Whiting et al. (mean 3-month IPSS 6.7) [14]. These
data have demonstrated that from Aquablation we could
expect a standardized outcome with a standardized operating
time. Considering Aquablation provides the lowest operative

time across different prostate volumes among multi-surgical
techniques, so far it is one of the most efficient ways for the
treatment of BPO.

It has been recognized that the impact of BPO on symp-
toms and voiding functions depends not only prostate size
but also the dimensions of the prostate [19]. Based on the
concept of presumed circle area ratio Watanabe et al. sug-
gested that a higher prostate height to weight ratio would
result in a higher degree of BPO [19]. However, the final
pressure on the urethra with respect to the horizontal pros-
tate dimensions would still depend on the elasticity of the
prostate surgical capsule [20]. Ko et al. showed that the
longer the length of the prostate and hence the prostatic
urethral length (PUL), the higher IPSS score it would be
[21]. Furthermore, a longer prostatic urethral length car-
ried a higher risk of requiring surgical treatment for BPO
(22). Our study has provided detailed data on the change in
prostate dimensions after Aquablation, demonstrating the
significant reduction in prostate length. It is thus transferred
into an improvement in symptoms as well as urodynamic
parameters, which is an accurate representation of function
showing a low mean BOOI after Aquablation in our series.

The current study has the limitation of a relatively small
series of patients. As a result, the complications in the early
phase of the learning curve may result in an overestimation
of the overall complication rate. However, our series had
a detailed account of the post-operative outcome in terms
of urodynamic parameters and prostate dimensions, which
are scarce in the current literature. Data on this unique and
yet common subset of patients on urethral catheter would
provide important supplementary information on the per-
formance of Aquablation.

Conclusions

Aquablation provided a consistent improvement in symp-
toms, uroflowmetry and urodynamic parameters in patients
with a urethral catheter. Short term differences between this
group of patients and patients with LUTS only with respect
to post-operative recovery include a longer length of hospi-
tal stay and a longer duration of having the catheter in-situ.
The complication profile from the current series showed
that while Aquablation is not necessarily a better procedure
than TURP, it is a feasible alternative when the equipment
is available. Challenges in haemostasis can be overcome by
modification in surgical techniques. Significant reduction in
prostate length after Aquablation may account for the stand-
ardized relief in obstruction from benign prostatic enlarge-
ment. Results from our series suggest that this technique
is reproducible by centres early in their learning curve and
a similar improvement can be anticipated in patients with
AUR.
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